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(54) Shuttle type recording apparatus 

(57) A shuttle type recording apparatus having a 
plural recording heads spaced apart on a common car- 
riage that is mounted to scan over an entire recording 
area for recording, respectively, in each of plural divided 
recording areas of the entire recording area. A rail ele- 



ment is mounted on the carriage and extends along the 
direction of scanning. A drive element is arranged to 
drive the carriage via the rail element, and a connection 
portion for transferring driving forces from the drive el- 
ement to the rail element is provided in the region of the 
central part of the recording area. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to a serial scanning type re- 
cording apparatus which produces a high quality image 
on a recording medium, such as a paper sheet, by 
means of a moveable recording carriage which faces 
and scans across the surface of a recording medium. 
More specifically, this invention relates to a shuttle type 
recording apparatus in which plural recording heads are 
mounted in spaced apart relation on a moveable record- 
ing carriage and which permits recording at high speed 
and with high accuracy. This invention is especially ad- 
vantageous for the recording of images by the transfer 
of a color agent onto a recording medium based on im- 
age data; and it is suitable still more in connection with 
ink jet recording wherein a liquid recording ink is dis- 
charged as a color agent onto a recording medium. 

This invention, moreover, may be used for record- 
ing on many different recording media, for example, pa- 
per, cloth, leather, nontextile materials, overhead pro- 
jector films and metal. One specific application for this 
invention is in a business machine such as a printer, a 
copy machine or a facsimile machine, as well as a man- 
ufacturing machine such as a textile printing machine. 

Description of the Related Art 

Serial scanning type recording devices which 
record by causing a recording head to scan across the 
surface of a recording medium while transferring an im- 
age to the recording medium have been widely used. 
Such devices are less costly than devices which record 
by means of a stationary recording head which extends 
over the whole width of a recording area. 
A number of different serial scanning type recording de- 
vices, in which a color agent is transferred to a recording 
material, have been put into practice or proposed. 
These include devices in which a color agent is made 
to appear by the application of heat from a thermal head 
onto special thermal sensitive paper or by application of 
light onto a special light sensitive paper. 

Moreover, devices which record by transferring a 
color agent from a recording head onto recording medi- 
um by a recording head, have been put into practice or 
have been proposed. These include impact recording 
devices which transfer ink onto a recording medium by 
impacting, with printing wires, an ink ribbon which has 
been soaked with liquid ink as a color agent. These color 
agent transfer devices also include thermal melt devices 
which record by application of heat from a thermal head 
onto an ink ribbon which contains a solid color agent. 
Heat sublimation transfer devices and ink jet devices 
which record by discharging liquid record ink onto a re- 
cording medium are also known. 



Recently, color agent transfer recording devices 
have become widely used for recording onto plain pa- 
per. In particular, ink jet type recording devices are find- 
ing increasing use; and are expected to be used even 
more widely in the future in connection with printers, 
copy machines and other business machines because 
of their low noise, low running cost, ease of miniaturiza- 
tion, the possibility of plain paper recording, the ease of 
colorizing and so on. 

Since the above described serial scanning type re- 
cording devices use a recording head which is mounted 
on a moveable carriage, a problem arises in that the re- 
cording speed is tow. 

Some of the techniques that have been proposed 
or put into practice in order to improve the recording 
speed of a serial scanning type image recording appa- 
ratus include: decreasing the number of scans by pro- 
viding a wider recording head; shortening the scanning 
time by increasing the scanning frequency; and record- 
ing by bidirectional scanning. However, each of these 
techniques has disadvantages. 

For example, a wider recording head is expensive 
to manufacture; and a wide recording head requires an 
expensive, high storage capacity print buffer. Also, 
where the device uses heat to effect a color agent trans- 
fer, some means must be provided to prevent deterio- 
ration of record quality and damage to the recording 
head from the high temperature used in the process. 
Further, in ink jet recording, where the recording head 
does not touch the recording medium, some means 
must be provided to prevent deterioration of recording 
quality which is caused by rolling or cockling of the re- 
cording medium as it becomes permeated with liquid 
ink. 

When the scanning speed of the carriage is in- 
creased in order to increase recording speed, the car- 
riage drive load is increased and a larger drive source 
is required. 

Devices which use heat to transfer a color agent 
transfer onto a recording medium require some means 
to prevent deterioration of recording quality and damage 
to the recording head due to the high temperature of the 
recording head itself. In addition, ink jet recording de- 
vices which use liquid ink experience ink vibration within 
the recording head during ink discharge; and this caus- 
es deterioration of the recording quality. 

Japanese Patent L^dOpea Publication No. 
50-81437, U.S. Paten<Na 4,272,77), discloses meth- 
ods and apparatus for ir^eastacfthe recording speed 
of a serial scanning type image recording apparatus. As 
disclosed in that publication, a dol matrix high speed im- 
pact printer is provided with a plurality of printing heads 
which operate simultaneously^) print each line of print. 
Also, in order to eliminate tl^e delay caused by carriage 
return, the printing headsfoperate irrespectively of the 
direction in which the ^printing heads move. The dot ma- 
trix high speed Impact printer disclosed in the above 
mentioned publication produces a "half step dotted" pat- 
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tern row, which provides a significantly improved print 
quality. Also, the printer described in that publication us- 
es a simple and highly reliable mechanical drive appa- 
ratus to move the printing head assembly accurately 
and rapidly. 

The method and apparatus disclosed in the above 
mentioned publication permits simultaneous printing on 
both the left half and the right half of a printing line. In 
this case separate left side and right side printing head 
assemblies are supported on the same carriage mech- 
anism. This arrangement allows printing to be carried 
out at almost double speed. The printing speed can be 
increased even more by providing more than two print- 
ing head assemblies and by operating the printing 
heads in both directions of movement. The above men- 
tioned publication also discloses an arrangement for 
precise control of the movement and positioning of the 
printing head assembly. According to this arrangement 
a thin board is installed on the printer body and a light 
detector is installed on the printer head assembly. The 
thin board has transparent narrow slits arranged at 
roughly equal intervals therealong. Each slit corre- 
sponds to a row of print; and the slits have a length equal 
to about one half of the length of a print line. 

The printing head carriage in the above described 
device is driven via a closed loop timing belt which in 
turn is driven by a motor. This arrangement provides ad- 
equate printing accuracy where a pixel density matrix of 
about 9 x 7 is to be used. However, where high resolu- 
tion and high speed are needed, a problem arises due 
to expansion and contraction of the timing belt due to 
load variations on the belt as the printing head carriage 
is driven at different speeds. This problem is especially 
severe where several recording heads are mounted on 
the same carriage. This is because the additional heads, 
and the additional ink that must be supplied to these 
heads, increases the overall weight of the carriage; and 
consequently increases the load on the belt as scanning 
speed varies. Also, where the recording apparatus uses 
a recording head with a plural recording elements which 
are operated according to a time division sequence, the 
resulting variation in scanning speed causes a drastic 
effect on image quality. This is especially severe in ink 
jet recording apparatus which use a liquid ink and a re- 
cording head which does not touch the recording medi- 
um. 

A further problem which occurs in the use of ink jet 
recording devices with plural recording heads is that 
some of the ink which is projected from ink discharge 
orifices on the printing head rebounds from the record- 
ing medium in the form of a mist and accumulates back 
on the recording head in the vicinity of the discharge 
orifices. As a result, ink jet recording systems generally 
require a recovery means to remove this accumulation. 
One technique that has been adopted is to provide a 
wiper blade of an elastic material, such as gum, to wipe 
the surface of the discharge orifice and remove this ink 
accumulation. Also, to prevent ink within the discharge 



nozzle of a recording head from evaporating and drying, 
a cap is arranged to cover the recording head during 
non-recording intervals. In addition, a suction pump may 
be provided in connection with the cap to maintain the 
flow of ink during non-recording intervals so that it does 
not experience an increase in viscosity. The suction 
pump may be arranged so as to recover the extra ink. 

In some ink jet recording devices, which operate on 
an on-demand basis, not all of the several discharge or- 
ifices are in use at the same time; and some of the ori- 
fices may not be use for a considerable length of time, 
particularly in the case of color recording devices where 
one color may used for only a small portion of the print- 
ing. Also, in a plural head color recording device, one 
recording head may not be used for a long period of 
time, depending on the recording instructions and data 
supplied to it. Now, when the carriage scans or stops in 
a position where the surface of the ink discharge orifice 
is not capped, the ink within and surrounding the orifice 
begins to dry and causes a deterioration in the quality 
of the subsequently recorded image. In order to prevent 
this phenomenon in an ink jet recording device, an ar- 
rangement is provided to cause a discharge of ink at 
some predetermined location and time which is unrelat- 
ed to the actual recording. This kind of ink discharge 
action is called a preliminary discharge. By maintaining 
the discharge of ink from within the discharge orifice, 
fresh ink is always available for recording and high qual- 
ity recording can be maintained. In order to keep the pre- 
liminary discharge ink from scattering and dirtying the 
recording material and the inside of a recording appa- 
ratus, the preliminary discharge is generally arranged to 
occur within the cap while it covers the head at a pre- 
liminary discharge position of the head. The provision 
of means for maintaining the cleanliness of plural re- 
cording heads in Inkjet recording devices severely com- 
plicates the construction of the heads. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a recording 
apparatus that can record an image at high speed by 
using plural recording heads, and that at the same time 
can record an image with high accuracy by making use 
of novel structural characteristics of the plural heads. 

Another object of the invention is to provide a re- 
cording apparatus that minimizes deterioration of print- 
ing accuracy due to increased carriage weight and 
speed variation when recording is carried out on a time 
divisional basis and when a color agent is carried along 
in a printing head carriage. 

A further object of the invention is to provide, in an 
ink jet recording device having two or more printing 
heads, a simplified arrangement for maintaining the 
proper flow of ink from the heads. 

A still further object of the invention is to provide a 
recording device which overcomes the problem caused 
by the antiethical relation of the small scanning space 
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available for the carriage and the color agent storage 
capacity of the carriage, particularly where the device 
uses plural recording heads and where the color agent 
is maintained in the carriage. 

According to one aspect of the invention there is 
provided a moveable scanning element which faces to- 
ward a recording medium and which is constructed to 
support plural recording heads spaced apart in a prede- 
termined interval to record, respectively, on correspond- 
ing divided recording areas of an entire recording area, 
along a scanning direction of the moveable scanning el- 
ement. A rail element is arranged on the moveable scan- 
ning element along its scanning direction. The length of 
the rail element corresponds to a scanning distance 
needed for recording over the entire recording area. A 
drive element is provided for driving the moveable scan- 
ning element via the rail element to cause said move- 
able scanning element to scan. A connection portion is 
arranged in the region of the central part of a scanning 
area of the moveable scanning element to couple the 
drive element to the rail element. 

According to another aspect of the invention there 
is provided a carriage which moves back and forth along 
a support to provide a scan which extends over a re- 
cording area. The carriage is constructed to support at 
least two recording heads so that they are spaced apart 
on the carriage in the direction of the scan, whereby as 
the carriage moves to scan the recording area, each re- 
cording head passes over a different part of the record- 
ing area. A drive rail extends along the carriage in the 
direction of the scan. There is also provided a driver for 
moving the carriage, as well as a drive connection which 
transfers driving force from the driver to the rail at a lo- 
cation within the range of scanning movement of the car- 
riage. 

According to a further aspect of the invention there 
is provided a carriage which moves back and forth along 
a support to provide a scan which extends over a re- 
cording area. The carriage is constructed such that at 
least two recording heads which spaced apart on the 
carriage in the direction of the scan, each passes over 
a different part of the recording area as the carriage 
moves to scan the recording area. A drive rail extends 
along the carriage in the direction of the scan. There is 
also provided a driver for moving the carriage, as well 
as a drive connection which transfers driving force from 
the driver to the rail. The driver is arranged to drive the 
carriage by an amount greater than the distance be- 
tween at least recording heads thereon so that in the 
course of a scan the two recording heads pass over the 
same overlap portion of the recording area. 

According to a still further aspect of the invention 
there is provided moveable scanning element which fac- 
es toward a recording medium and which supports plu- 
ral recording heads spaced apart in a predetermined in- 
terval to record, respectively, on corresponding divided 
recording areas of an entire recording area, along a 
scanning direction of the moveable scanning element. 



A rail element is arranged on the moveable scanning 
element along its scanning direction. The length of the 
rail element corresponds to a scanning distance needed 
for recording over the entire recording area. A drive el- 

5 ement is provided for driving the moveable scanning el- 
ement via the rail element to cause said moveable scan- 
ning element to scan. The drive element is arranged to 
drive the carriage by an amount greater than the dis- 
tance between at least two recording heads thereon so 

io that in the course of a scan the two recording heads pass 
over the same overlap portion of the recording area. 
Servicing means are for acting on, and enabling proper 
transfer of a color, agent by, said recording heads are 
located in the overlap portion of the recording area in 

15 order to permit servicing of the plural recording heads 
in common. 

According to yet another aspect of the invention 
there is provided a moveable scanning element which 
faces toward a recording medium and which supports 

20 plural recording heads spaced apart in a predetermined 
interval to record, respectively, on corresponding divid- 
ed recording areas of an entire recording area, along a 
scanning direction of the moveable scanning element. 
A rail element is arranged on the moveable scanning 

25 element along its scanning direction. The length of the 
rail element corresponds to a scanning distance needed 
for recording over the entire recording area. A drive el- 
ement is provided for driving the moveable scanning el- 
ement via the rail element to cause said moveable scan- 

30 ning element to scan; and a color agent element is pro- 
vided on the moveable scanning element between the 
plural recording heads to supply the color agent to the 
plural recording heads in common. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a top plan view of a recording apparatus 
according to a first embodiment of the present in- 
vention; 

40 

Fig. 2 is a front etevational view of the apparatus of 
Fig. 1; 

Fig. 3 is a block diagram showing a heating element 
45 control arrangement in a printing head portion of the 
apparatus of Figs. 1 and 2; 

Fig. 4 is an explanatory diagram showing recording 
areas covered by different recording heads in the 
50 apparatus of Figs. 1 and 2;. 

Fig. 5 is a block diagram of a recording apparatus 
in which the present invention may be incorporated; 

55 Fig. 6 is a diagrammatic view taken along line 6-6 
of Fig. 2, but showing an alternate carriage drive 
arrangement; 
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Fig. 7 is a view similar to that of Fig. 2 but showing 
a printing carriage at the right most extent of is trav- 
el; 

Figs. 8 and 9 are views similar to that of Fig. 2 but 
showing the printing carriage at the extreme left and 
right positions of its travel, respectively; 

Fig. 10 is a view similar to that of Fig. 2 but showing 
the capping of the recording heads and the applica- 
tion of suction to the right hand head with the car- 
riage in the left hand position; 

Fig. 11 is a view similar to that of Fig. 10 but showing 
the application of suction to the left hand head with 
the carriage in the right hand position; 

Figs. 1 2 and 1 3 are views similar to that of Fig.2 but 
showing the application of a wiper blade to the right 
and left hand print heads while the carriage is at its 
left hand and its right hand positions, respectively; 
and 

Figs. 14 and 15 are views similar to that of Fig. 1 
but showing the carriage at its extreme left and ex- 
treme right hand positions, respectively. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention will 
now be described with reference to the drawings in de- 
tail. 

The top plan and front elevational views of Figs. 1 
and 2 show a recording portion of an ink jet recording 
apparatus according to the present invention. 

As shown in Figs 1 and 2, a recording medium P, 
such as a sheet of paper, is inserted into a feeding po- 
sition in the recording apparatus and is conveyed hori- 
zontally by a feeding roller (not shown) in a direction 
shown by the arrow A to a recording area adjacent the 
recording apparatus. A platen 20 is provided under the 
recording apparatus to support the recording medium 
as it moves in the direction of the arrow A under the re- 
cording apparatus. 

The recording apparatus includes a carriage 1 
which is mounted to move bidirectional ly along guide 
supports 2. The guide support 2 extends in the direction 
of an arrow B which is perpendicular to the direction of 
feeding movement of the recording medium P; and the 
carriage 1 scans back and forth over a recording area 
across which the recording medium P passes . Ink dis- 
charge recording heads 4Aand4B. which discharge ink, 
^ are provided near the ends of the carriage 1 . An ink tank 
5 is mounted in the cenirai part of the carriage 1 and 
supplies ink to both recording heads 4A and 4B. The 
recording heads 4A and 4B discharge ink, according to 
received recording data, onto the recording medium P 



during a recording scan. Recovery system units in the 
form of caps 6A and 6B are provided under the left side 
and the center of the recording area. The caps 6A and 
6B can move toward and cap the discharge portion of 

s the recording heads 4 A and 4B during non -recording pe- 
riods. Ink supply conduits 1 7A and 1 7B extend from the 
tank 5 to the recording heads 4A and 4B, respectively, 
to supply ink from the tank to the heads. 

In case of monochromatic recording, such as black 

10 and white, ink is supplied from one ink tank 5Bk which 
is relatively large. When color recording is performed 
and several different color inks are used, then additional 
ink tanks 5C, 5M and 5Y are also used, as shown in Fig. 
1 . In this embodiment the ink tanks 5Bk, 5C, 5M and 5Y 

is are supplied respectively with black (Bk), cyan (C), ma- 
genta (M) and yellow (Y) inks. The capacity of each tank 
corresponds to the effect that each color is to produce. 
It is to be understood that these individual ink tanks can 
be exchanged independently of each other, each whose 

20 ink tank can exchange independently. Near each end of 
the carriage 1 there are provided four color integrated 
recording heads (4ABk, 4AC, 4AM and 4AY) and (4BBk, 
4BC, 4BM and 4BY), respectively, which are connected 
via corresponding conduits 17 to the associated tanks 

25 5Bk, 5C, 5M and 5Y 

The resolution of the four color integrated recording 
heads 4 is chosen to be 360 dpi (dots per inch). In this 
case, the recording heads 4ABk and 4BBk are each pro- 
vided with 64 ink discharge nozzles; and the other re- 

30 cording heads are each provided with 24 nozzles. The 
nozzles in each recording head are arranged in a line 
which is perpendicular to the direction of scan move- 
ment of the carriage 1 along the support 2. Spaces cor- 
responding to eight nozzles are provided between each 

35 color group of ink nozzles. 

As shown in Fig. 2, the two caps 6A and 6B are lo- 
cated, respectively, so that they register with the record- 
ing heads 4A and 4B when the carriage 1 is in its left 
hand position. Each of the caps 6A and 6B is arranged 

40 so that it can move toward and away from its respective 
recording head. Consequently, when there is no record- 
ing medium P in the recording area, the caps 6 A and 6B 
can move to cover their respective recording heads 4A 
and 4B. This serves to prevent ink within the recording 

45 head nozzles from drying and increasing in viscosity and 
adhering to the nozzles during periods of non-recording. 

The cap 6B communicates with a pump unit 7. If a 
degradation occurs in the discharge from either of the 
recording heads 4A or 4B, the pump unit 7 may be used 

50 to provide negative pressure withdraw ink from the dis- 
charge openings of the recording heads 4A and 4B while 
the cps 6A and 6B cover the heads. 

Other forced ink discharge and recovery means of 
both the suction and the pressure type, for example, 

55 those which use a cylinder pump or a tube pump, are 
also advantageous. 

In the embodiment shown in Figs. 1 and 2, in cases 
where the forced recovery of ink by application of posi- 
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tive or negative pressure is not needed, and it is only 
necessary to prevent evaporation of ink from the noz- 
zles, it is possible to prevent pressure variations within 
the cap due to temperature changes. This may be 
achieved by providing a semiatmospheric opening in the 
form of a thin hole in the caps 6A and 6B or a pump unit 
on both the caps 6A and 6B. 

In the embodiment shown in Figs. 1 and 2, the pump 
unit 7 is connected with only the right side cap 6B for 
the sake of simplicity. In this case the same pump unit 
7 can provide a suction recovery on the left end record- 
ing head 4A by moving the carriage 1 so that the left end 
recording head comes into registry with the right end cap 
6B and the pump unit 7. Waste fluid recovered by oper- 
ation of the pump un it 7 is sent to a waste fluid tank which 
is not illustrated. 

The left cap 6A may also be formed with a semiat- 
mospheric opening such as a thin hole which commu- 
nicates to the atmosphere as described above in con- 
nection with the cap 6B. 

Another recording head maintenance apparatus is 
provided in the embodiment of Figs. 1 and 2 in the form 
of a blade 8 which is positioned and arranged to wipe a 
discharge opening portion of the recording heads 4A 
and 4B. In order to wipe ink and process liquid which 
has adhered to the face of the discharge opening of the 
recording heads 4A and 4B, the blade 8 is formed from 
an elastic material such as gum. 

The one wiper blade 8 is used in common for both 
of the recording heads 4A and 4B; and it is arranged to 
be moved up and down by a not shown fluctuating ap- 
paratus. When the blade 8 is moved to its upper position, 
it wipes the recording head surface; and when it is 
moved to its lower position it avoids interference with 
the recording head surface. While two blades may be 
provided corresponding to the two recording heads 4A 
and 4B, in the embodiment of Figs. 1 and 2, only one 
blade is provided in a central area and this one blade 
operates in common on the two recording heads 4Aand 
4B, thereby simplifying the structure. 

The caps 6A and 6B, the pump unit 7 and the wiper 
blade 8 are referred to herein collectively as "mainte- 
nance" or "servicing" units because they act on, and 
service, the recording heads 4A and 4B to ensure the 
smooth, continuous and instantaneous flow of ink from, 
or the effective transfer of color agent by, the recording 
heads. It will be noted that the cap 6B, the pump unit 7 
and the wiper blade 8 are located in the area which is 
overlapped by the two recording heads 4A and 4B dur- 
ing scanning. This permits the same cap 6B, pump unit 
7 and wiper blade to act on both recording heads from 
a single location, thereby achieving simplicity and econ- 
omy of construction and more reliable operation. 

A further servicing or maintenance apparatus for 
the recording heads 4A and 4B is provided in the form 
of preliminary discharge receivers 9A and 9B which are 
located on both sides of the recording medium P beyond 
the area of recordation. These preliminary discharge re- 



ceivers operate to prevent changes in the discharge 
characteristic of the recording heads 4A and 4B and of 
color mixing which are caused by ink having been evap- 
orated to some extent from an unused nozzle during re- 
5 cording or while the heads are on recording stand-by. 

The receivers 9A and 9B are used when ink is made 
to discharge from the nozzles during intervals other than 
the actual recordation intervals. Since a preliminary ink 
discharge may be necessary prior to the actual record- 
10 ing period, it is necessary to provide the receivers 9A 
and 9B in areas outside the area occupied by the re- 
cording medium P. 

There is also provided in the embodiment of Figs. 
1 and 2 a servicing or maintenance apparatus in the 
is form of an ink sensor 10 near the recording heads 4A 
and 4B to detect the presence or the absence of ink in 
the ink tank 5. This ink sensor also serves as a mainte- 
nance apparatus which provides an indication or a warn- 
ing to the user that an ink tank should be replaced. In 
20 this embodiment, the ink sensor 10 is in the form of an 
optical sensor which is located under the central part of 
the platen 20. This ink sensor checks the ink tank 5 at 
the start and at the end of recording when the recording 
medium P is not present in the recording area. The sen- 
25 sot 10 thus serves a double purpose in that it senses 
not only the presence or absence of ink in the tank 5; 
but it also senses the presence or absence of the re- 
cording medium P in the recording area. It will be noted 
that the ink sensor 10 is also located in the area which 
30 is overlapped by the two recording heads 4A and 4B 
during scanning. 

Each of the items 6, 7, 8, 9, and 10 constitutes a 
servicing or maintenance apparatus which operates to 
help maintain optimum operation of the recording heads 
35 so that they continue to effectively transfer color agent 
to the recording medium. Thus, as used herein, the term 
"servicing apparatus" or "maintenance apparatus" is in- 
tended to mean any apparatus which operates to help 
maintain optimum operation of the recording heads. 
40 The ink jet recording apparatus of the embodiment 
of Figs. 1 and 2 uses a recording system in which heat- 
ers in the form of electro-heat converters are provided 
at each ink discharge opening. A drive signal corre- 
sponding to recording information is applied to the heat- 
^5 er and generates heat in the respective nozzle to cause 
a droplet of ink to discharge from the nozzle. 

The block diagram of Fig. 3 shows the arrangement 
for driving the recording head heaters of the recording 
apparatus of Figs. 1 and 2. Heaters 41-1 , . . 41 -160 are 
50 arranged in the respectively associated nozzles of the 
recording heads 4A and 4B. These heaters are struc- 
tured to respond to received data signals to heat the ink 
within their respective nozzles. 

In cases where all of the heaters 41 are to be driven 
55 at the same time, the flow of electrical current is quite 
high, which causes a corresponding increase in the 
power supply load. Under these conditions the power 
which can be supplied to the individual heaters decreas- 
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es by an amount corresponding to the voltage drop re- 
sulting from the increased flow of current through the 
wiring which supplies current of the heaters. This de- 
crease in power reduces the heating effect within the 
nozzles which results in a deterioration of recording 
quality. In order to overcome this problem, the recording 
heads 4 are somewhat slanted and they are operated 
according to a known time sharing sequence wherein 
the timing of recording is adjusted to the image data for 
each of the plural nozzle groups. 

Various time division driving methods can be used 
for this purpose. In this embodiment, each recording 
head 4A and 4B is divided into 20 blocks of 8 nozzles, 
together with a space, corresponding to the distance oc- 
cupied by 8 nozzles, between each nozzle group corre- 
sponding to a particular color. Each group of nozzles is 
operated in sequence and for a predetermined time in- 
terval. Corresponding to this, the multi nozzle recording 
heads 4A and 4B are inclined at only the angle which is 
commensurate with the scanning speed of the recording 
heads. 

Ink within each nozzle is rapidly heated by the noz- 
zle heater 41 and experiences film boiling to form a bub- 
ble by film boiling. The pressure which is generated by 
this bubble formation causes a droplet of ink to be dis- 
charged from the nozzle and projected onto the record- 
ing medium P. In this manner a character is formed on 
the recording medium. The composite of these charac- 
ters forms an overall image. The volume of each ink 
droplet is about 40 ng (nanograms, namely 10^ grams). 

An ink liquid path is provided between a common 
liquid chamber in each recording head and each of sev- 
eral discharge openings on the head. These discharge 
openings face the recording medium R A separate liquid 
chamber is provided for each color ink; and a separate 
ink path extends from each chamber to a corresponding 
discharge opening on each of the two heads. 

Ink is supplied from the tanks 5, according to color, 
through ink supply paths to the common liquid chambers 
on the two heads. 

In an ink liquid path corresponding to each of a dis- 
charge opening, heaters 41 and associated electrode 
wirings to supply electric power to the heaters 41 are 
provided. Heaters 41 are electro-heat converters that 
generate heat energy utilized to discharge ink drops 
from the discharge openings. 

The heaters 41 , and the electrode wiring which sup- 
plies current to the heaters, are formed by film forming 
technique on a non-conductive board such as silicone. 
A protective film is formed on the heaters 41 so that 
heaters 41 do not directly touch the ink. The nozzles, 
which extend from the common liquid chamber to the 
nozzle discharge openings are formed by laminating a 
grooved partition, which comprises resin and a glass 
agent, onto the non-conductive board. 

This recording system uses heaters 41 which, by 
means of electro-heat, produce a bubble in the ink which 
passes over them each time such heater receives a sig- 



nal. The expansion of this bubble forces a drop of liquid 
ink to discharge from the discharge nozzle and project 
toward the recording medium. This process is referred 
to herein as a "bubble jet" recording system. 
5 As shown in Fig. 3, AND gates 42-1 . . . 42-1 60 are 

connected to supply current to drive the respective heat- 
ers 41 based on the concurrence of selected signals 
from a decoder 43, which controls time sharing, and a 
latch circuit 44 which supplies image data, as well as a 
heat enable signal which drives the heaters 41 and de- 
fines drive time. A shift register 45 converts image data, 
which is supplied serially, into parallel form and supplies 
this data to the latch circuit 44. 

A temperature sensor 46 is provided on the record- 
ing heads 4A and 4B to monitor their temperature. By 
using the sensor 46, the optimum drive condition of the 
recording heads is determined. Also the above describe 
maintenance apparatuss can be controlled from this 
sensor. In this way it is possible to maintain stabilized 
recording. 

The manner in which the above described recording 
apparatus is controlled is illustrated in the block diagram 
of Fig. 5. Image data from a host computer is first sup- 
plied to a reception buffer (not shown) which, after con- 
firmation that the data has been properly transferred and 
that the operating condition of the recording apparatus 
is correct, supplies the data to the recording heads 4A 
and 4B (Figs. 1 and 2). The recording heads 4A and 4B 
are controlled by a Central Processing Unit (CPU) 21, 
a Random Access Memory (RAM) 22 and a Read Only 
Memory (ROM) 23 after the data from the reception buff- 
er has been temporarily stored in a print buffer Random 
Access Memory (RAM) 24. The CPU 21 controls a pa- 
per feeding mechanism 26 which drives a paper feed 
roller and a line feed roller (not shown) based on infor- 
mation received from a paper monitoring mechanism 
25. The CPU also controls a drive mechanism 28 for the 
carriage 1 (Figs. 1 and 2) based on information from a 
carriage position detection mechanism 27. In addition, 
the CPU 21 controls a recording head maintenance ap- 
paratus 30 which in turn performs maintenance and op- 
timization operations on the recording heads 4A and 4B 
based on information from a recording head monitoring 
mechanism 29 which detects the temperature of the re- 
cording heads, the presence or absence of ink in the 
tanks 5, etc. 

Reverting now to Figs. 1 and 2, it will be seen that 
the carriage 1 is mounted to move bidirectionally along 
the guide supports 2. The rail 3, which extends along 
the carriage 3 parallel to the direction of the supports 2, 
receives driving forces from a drive connector 12 to 
cause the carriage to scan back and forth in the direction 
of the arrow B. During such scanning, the recording 
heads 4A and 4B discharge ink from both ends of the 
carriage 1; such ink being supplied from the common 
ink tank which is located in the central part of the car- 
riage 1 . 

The rail 3 in the embodiment of Figs. 1 and 2 is in 
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the form of a rack gear which extends along the carriage 
1. This rack gear may be integrally formed by molding 
it onto the surface of the carriage 1 ; or it may be a sep- 
arate gear rack which is attached to the carriage. The 
rail 3 may be directly or indirectly coupled to a carriage 
motor 1 1 which serves as a carriage drive source. In the 
embodiment of Figs. 1 and 2, the rail 3 is coupled with 
a drive connector in the form of a carriage gear 1 2 which 
is provided in the central region of the scanning area. 
This allows the carriage drive motor 11 to rotate the car- 
riage gear 12 so as to drive the carriage bidirectionally 
so that it scans over the entire scanning area. As can 
be seen, the carriage gear 12, which transfers driving 
forces from the carriage drive motor 11 to the carriage 
1 via the rail 3, is located in the region which is over- 
lapped by the carriage 1 during scanning. Thus the car- 
riage 1 can be driven to scan over a large recording area 
without requiring any significant increase in the overall 
width of the recording apparatus. It is preferable that the 
carriage gear 1 2 be located at a distance from the outer 
edge of the area scanned by the recording head 4B by 
an amount at least as great as the width of that area. 
This permits the gear 1 2 to drive the carriage 1 over the 
full recording area without requiring the carriage to ex- 
tend beyond the outer edges of the recording apparatus. 

The use of a direct drive from the drive motor 11 to 
the carriage 1 makes it possible to simplify the structure 
and avoid the complexity found in previous structures 
which used a wire and a timing belt. In addition, the use 
of the direct drive makes it possible to maintain high 
quality printing by avoiding the expansion and contrac- 
tion problems which occur in a wire and a timing belt 
with variations of carriage scan speed. In this the use of 
a rack gear provides further improvement. It will be ap- 
preciated that a friction drive roller can be substituted 
for rack gear shaped rail member 3 and the carriage 
gear 12. 

In this embodiment, in order to drive the carriage 
with high accuracy, a linear encoder is used as a car- 
riage position detection mechanism. Other position de- 
tection mechanisms can also be used which employ 
principles of optics, magnetism, etc. Further, a linear en- 
coder may be provided at one end of the carriage 1 . In 
this embodiment, there is provided an encoder sensor 
14 with an optical system using reflected light to sense 
the carriage position. The encoder sensor 14, which is 
mounted in a fixed position on the apparatus in which 
the carriage scans, detects the movement of a linear de- 
tection device (marker) 1 3 which extends along the side 
of the carriage in the scanning direction. 

In ink jet recording, where the recording element 
does not contact the recording medium, it is important 
to maintain the position of the carriage 1 with high ac- 
curacy. This high accuracy is achieved in this embodi- 
ment by maintaining the recording heads 4A and 4B 
fixed to both ends of the carriage 1 and by the provision 
of a rail such as the rack 3 directly on the carriage. Also, 
it is possible to achieve high accuracy movement of the 



carriage 1 by the integral formation of the linear detec- 
tion device (marker) 1 3 on the carriage 1 . 

It is also possible to provide high scanning speed 
by use of a linear drive motor. In this case, a row of mag- 
£ netic poles can be provided on the carriage in a straight 
line along the direction of scan. 

In order to provide sequential recordation in a pre- 
determined interval with each nozzle group, a time divi- 
sional driving method is used together with the inclina- 
io tion of the recording heads 4A and 4B at an angle which 
is commensurate with their scanning speed. It is neces- 
sary that the recording interval for each nozzle group 
coincides with the scanning speed of the recording 
heads 4A and 4B, otherwise a gap occurs in the record- 
's ing position of the heads and the quality of recordation 
is reduced. Therefore, it is especially important to stabi- 
lize the scan speed of the carriage. According to this 
embodiment, as mentioned above, the recording quality 
is improved by stabilization of the carriage scan speed. 

Further as shown in Fig. 6, when a quiet and high 
accurate drive is required, it is also possible to structure 
a drive source by a supersonic wave motor 1 5. The mo- 
tor 15 impresses a supersonic drive wave against a lin- 
ear rail 1 3a which extends along the carriage 1 as in the 
preceding embodiment. The carriage 1 is directly driven 
by the force imposed from the supersonic wave motor 
15 onto the rail 13a. The rail 13a may take the form of 
a mirror surface with an accuracy which is commensu- 
rate with that of the supersonic waves from the motor 
15. In the embodiment of Fig. 6 also, the driving force 
from the motor 1 5 is imposed on the rail 1 3a at a location 
which is overlapped by the two recording heads 4A and 
4B during their scan. As described above in regard to 
the location of the drive gear 12 of the preceding em- 
bodiment, this serves to simplify the overall construction 
of the apparatus and to avoid the need to widen the de- 
vice. 

In Fig. 6, the carriage 1 supported on the two guide 
supports 2 so as to move in the scanning direction. A 
supersonic wave element (not shown) is fixed to the rail 
1 3a which may be integrally formed by molding on the 
carriage 1 with high accuracy, so that the carriage 1 is 
directly driven. In addition, a marker 15 which extends 
along the carriage in the direction of scan, is provided 
for the position detection by a linear encoder sensor (op- 
tica! sensor) 14 to control the carriage position. In Fig. 
6, the return loop of the supersonic wave drive element 
is not illustrated, as such devices are conventional. 

In the embodiment of Fig. 6, the supersonic wave 
drive motor 15 and the optical sensor 14 are fixed on a 
common support body. Because of this, it is possible to 
achieve high precision in the positioning of the rail 13a 
and the marker 1 4 which are solidly fixed on the carriage 
1 . A supersonic wave direct drive system is suitable es- 
pecially in this embodiment in which both the carriage 
and the drive source are directly connected. In this case 
there is no need for any special speed reduction mech- 
anism; and no need for control of cogging and variations 
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in torque due to variations in ink in the tank 5. Thus, it 
is possible to keep the structure simple and accurate. It 
will be appreciated that the embodiment of Fig.6, which 
uses a supersonic wave drive system provides signifi- 
cant advantages compared to a carriage scan drive sys- 
tem which uses a wire and a timing belt. 

It is possible to improve the control of drive force 
even more by providing supersonic wave drive elements 
which act on both the top and bottom of a drive rail on 
the carriage 1 . 

The arrangement and operation of the elements as- 
sociated with the carriage 1, which include a carriage 
drive mechanism 28, the recording heads 4A and 4B, 
the recording head servicing or maintenance appara- 
tuss 30, etc., will now be explained in detail. 

Fig. 2 shows the carriage 1 at its position at the left 
end of a recording scan. The recording heads 4A and 
4B on the carriage 1 are separated from each other in 
the direction of scan by a head interval HW of 100 mil- 
limeters (mm) so that the recording head 4A at the left 
end of the carriage is positioned at the left edge of the 
recording area, the width PW of which is 206 mm. At the 
same time the recording head 4B at the right end of the 
carriage 1 is positioned at the right edge of an over- 
lapped recording area whose width WW is 6mm. This 
overlapped area is provided to ensure print continuity, 
as will be explained hereinafter. The relationship be- 
tween the head spacing HW, the width of the print area 
PW and the width of the overlap ed area WW is: d the 
overlapped area WW is: 

HW = (PW - WW)/2. 

Fig. 7 shows the position of the carriage 1 at the 
right end of a recording scan. As can be seen, the re- 
cording head 4B at the right end of the carriage 1 is po- 
sitioned at the right edge of the recording area (the width 
PWof which is 206 mm). At the same time, the recording 
head 4A at the left end of the carriage 1 is positioned at 
the left edge of the overlapped recording area (the width 
WW of which is 6 mm). As the carriage 1 scans from this 
position, it is moved in a leftward direction by a distance 
of 106 mm to the left position as shown in Fig. 2. There- 
fore, the recording head 4A records an area of 106 mm 
on the left side of the full recording width PW while the 
recording head 4B records an area of 106 mm on the 
right side of the full recording width PW; and the over- 
lapped recording area WW which occupies a width of 6 
mm in the central region of the full recording area PW, 
is recorded in a shared manner by the two recording 
heads 4A and 4B, as seen in Fig. 4. 

As mentioned above, the preliminary discharge re- 
ceivers 9 A and 9B provided along both sides of the full 
recording area PW, serve as one of several recording 
head servicing or maintenance apparatus. In recording, 
it is sometimes necessary to drive the carriage 1 so that 
the recording heads 4A and 4B reach the position of the 
preliminary discharge receivers 9A and 9B. In order to 
reach these positions, the carriage 1 is driven leftwardly 



so that the discharge nozzles of the left recording head 
4A reach a position which is located beyond the left edge 
of the full recording width PW by a distance of 10 mm 
(referred to herein as a Preliminary Discharge Width 
5 MW); and the carriage 1 is driven rightwardly so that the 
nozzles of the right recording head 4B reach a position 
which is located beyond the right edge of the full record- 
ing width PW, also by a distance of 10 mm. 

During the scanning movement of the carriage 1 , it 
is also usually necessary to provide an extra scan dis- 
tance (referred to herein as the Acceleration and Decel- 
eration Width) so that the carriage 1 can be brought up 
to scanning speed and thereafter stopped at the end of 
each scan. A preliminary ink discharge can be carried 
out during the period that the carriage is moving through 
the Acceleration and Deceleration Width, in the embod- 
iment shown, the actual carriage scanning distance SW 
meets relation of: 

SW = {(PW + WW)/2} + 2MW . 

The Acceleration and Deceleration Width is shorter 
than the Preliminary Discharge Width PW and therefor 
is already accommodated in the above formula. 

Where, as in this embodiment, a direct drive is used 
to cause the carriage 1 to scan, the rail 3 should extend 
into the center of the carriage scanning area and should 
have a Rail Length RL not less than an Added Length 
(AL) of about 2 mm beyond the right and left ends of the 
carriage scanning distance SW Also, since the rail 3 is 
integrally formed on and is supported by the carriage 1 , 
the carriage length (CW) in the carriage scanning direc- 
tion should be not less than the rail length RL. Moreover, 
though length of linear detection device 1 3 of the linear 
encoder provided on the scanning carriage 1 should be 
not less than the carriage scanning distance in order to 
provide detection of carriage position, if the detection 
occurs in the center region of the scanning area, the 
Carriage Length CW in the scanning direction should be 
not less than 1 30 mm which is the same as the rail length 
RL. In other words, the minimum length of the carriage 
1 in the direction of scan should correspond to the rela- 
tionship: 

CW = {(PW + WW)/2) + 2MW + 2AL. 

The total scanning distance CSAW occupied by the 
carriage 1 during scanning comprises the length of the 
carriage in the direction of scan plus an extra carriage 
scanning distance which, as shown by Figs. 14 and 15, 
is a minimum of 256 mm. The 50 mm excess over the 
206 mm full recording width PW is required to accom- 
modate the Overlapped Recording Width WW, the Pre- 
liminary Discharge Width MW and the extra distance 
needed for driving the carriage. Specifically, the relation- 
ship: 

CSAW = PW + WW + 4MW + 2AL 

should be followed. 

The dual head embodiment of the present invention 
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may be compared with a single head carriage which is 
driven by a wire drive, in the following manner. Since, in 
a single head carriage, the width of an ink tank must be 
added to the preliminary discharge width on one side, 
drive room must be added on both sides and accelera- s 
tion and deceleration width must be added to one side, 
the difference between the two recording head embod- 
iment of this invention and single head printers of the 
prior art corresponds closely with the difference be- 
tween the sum of the overlapped recording width (WW) 10 
and the two preliminary discharge widths (MW) on the 
one hand and the width of an ink tank on the other hand. 
According to above-described numerical example, in 
the case where width of an ink tank is 20 - 30 mm, both 
width both becomes roughly equal scanning space of is 
the carriage . 

In this embodiment, it is possible to use the entire 
width of the carriage 1 for the ink tank 5. Because of this 
it becomes possible to use an ink tank whose capacity 
is increased by four times. In addition, since the scan- 20 
ning distance of during recording period is short, about 
double recording speed can be realized. Thus, the 
present invention is especially advantageous when a 
color agent such as ink is loaded on the carriage 1 for 
recording. 25 

Further, since two recording heads are used in the 
present embodiment, the frequency of use of each re- 
cording head is cut in half; and the life span of each re- 
cording head is doubled. And, when a simple direct drive 
is used to drive the carriage 1 , this embodiment has per- 30 
formance that more than makes up for the cost of the 
additional recording head. Although the embodiment of 
Figs. 1 and 2 provides for color recording, the advanta- 
geous effects described above can be expected in the 
case of monochromatic recording. In addition, since the 35 
problem of an ink tank capacity is especially significant 
in the case of color recording, due to the requirement of 
plural ink tanks, it is apparent that the present invention 
provides markedly advantageous effects. 

As described above, in this invention the full width 40 
of the recording area of the recording medium P is di- 
vided into two recording areas in the direction of scan 
of the carriage 1 . Additionally, plural recording heads 4A 
and 4B are provided on the carriage 1 at a predeter- 
mined interval to perform recordation in each of the plu- 45 
ral divided recording areas, respectively. Also, the rail 
portion 3 is integrally arranged with the carriage 1 along 
the scanning direction; and the length of the rail corre- 
sponds to a scanning distance needed both to record 
and to provide maintenance for the recording heads 4A so 
and 4B. 

Finally, a connection portion, such as a gear 1 2 is 
provided within the range of scanning of the carriage 1 , 
and preferably at or near the center of a scanning area 
of the carriage 1 to connect the drive source 11 which 
connects the rail portion 3 to scan the carriage 1 . 

As described above, high-speed image recording is 
obtained by the use of plural recording heads. Also, the 
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use of plural recording heads make it possible to obtain 
highly accurate recording can be obtained with a simpli- 
fied structure. Moreover, the deterioration of printing ac- 
curacy due to variations in carriage speed can be re- 
duced by use of time divisional recording. 

Additionally, since the ink tank 5 is located on the 
carriage 1 between the two recording heads 4A and 4B 
and supplies ink in common to both heads, the overall 
weight of the carriage is minimized. 

The operation of the maintenance apparatuss for 
the recording heads 4A and 4B will now be explained in 
detail. A preliminary discharge of ink from the recording 
heads 4A and 4B.can be performed during a non-re- 
cording period whenever necessary. This is because the 
preliminary discharge is performed while the carriage is 
at a position where the ink discharge nozzles are outside 
the recordation area of the recording medium P. The 
caps 6A and 6B, which comprise one of the mainte- 
nance apparatuss for the recording heads 4A and 4B, 
are provided at the same interval or spacing in the di- 
rection of scan as the interval between the recording 
heads 4A and 4B under the recording area of recording 
medium P as shown in Fig. 1 0. For this reason, after the 
carriage 1 is moved to a predetermined position at the 
time of the condition that there is no recording medium 
P in the recording area, the caps 6A and 6B are moved 
upwardly to cover the recording heads 4A and 4B. If both 
caps 6A and 6B are connected with a pump that forces 
a discharge of ink from the recording heads, it is possible 
the to maintain or recover inkf rom both recording heads. 
In the embodiment described herein, in order to simplify 
the maintenance apparatus a pump is connected with 
only one cap, namely, the central cap 6B; and the pump 
operates on only recording head 4B, as shown in Fig. 
10. 

After the carriage 1 is moved, as shown in Fig. 11 , 
to face toward the central cap 6B, and the cap is moved 
to cover the recording head 4A, ink is forced from the 
recording head by operation of the pump 7. The left cap 
6A may be provided in any position so long as it is within 
the scanning area of the recording head 4A. The central 
cap 6B can be provided within the scanning areas of 
both the recording heads 4A and 4B because these two 
heads share an overlapped scanning area. 

From the viewpoint of its function, the cap 6B does 
not have to be provided within the overlapped recording 
area; however, it should be provided within an area over 
which both the recording heads 4A and 4B pass. 
Though the recording areas where the recording heads 
4A and 4B record also are overlapped in this embodi- 
ment, in the case where an overlapped recording area 
is not provided, some other overlapped area, for exam- 
ple in the acceleration and deceleration area should be 
utilized. As can be seen in Figs. 8 to 11, since central 
cap 6B is arranged in the overlapped area where two 
recording heads 4A and 4B scan, it can operate on both 
these heads in common. 

The blade 8, which wipes the discharge openings 
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of the recording heads 4A and 4B constitutes another 
maintenance apparatus for the recording heads 4A and 
4B. Two blades may be provided corresponding to the 
two recording heads 4A and 4B. However, to simplify 
the structure, only one blade 8 is provided in the central $ 
area of the apparatus; and it acts on the two recording 
heads 4A and 4B in common. The blade 8 should be 
provided within the overlapped scanning area of the two 
recording heads 4A and 4B in the same manner as the 
cap 6B. However, after the blade 8 is raised to contact 
one or the other of the recording heads 4A or 4B, as 
shown in Figs. 12 and 13, it wipes the face of the head 
when the carriage moves. Since for the functional rea- 
son that the blade 8 is made of an elastic material and 
is deformed somewhat during its operation, it should be 
arranged within the overlapped scanning area of the two 
recording heads 4A and 4B, taking into account this de- 
formation. 

The optical ink sensor 1 0 is provided under the cen- 
tral part of the platen 20 and serves as a monitoring 
mechanism for the recording heads 4A and 4B in order 
to detect the presence or absence of ink in the ink tank 
5. The ink sensor 1 0 should be located in a position with- 
in an area over which the ink tank passes during scan- 
ning. In order to the improve detection precision, the ink 
tank 5 is provided with two detection portions in the 
neighborhood of the two recording heads 4A and 4B; 
and the ink sensor 10 is located in an area over which 
these two detection portions pass, in other words, the 
ink sensor 10 is arranged in a central area of the over 
all scanning area like the cap 6B and the blade 8. 

Because the optical ink sensor 10 is located under 
the platen 20 which supports the recording medium P, 
the presence of a sheet of the recording medium pre- 
vents the sensor 1 0 from detecting the presence or ab- 
sence of ink in the tank 5. However, the ink tank con- 
struction is such that there is always a sufficient quantity 
of ink in the ink supply flow path between the tank itself 
and the discharge nozzles to provide recording for at 
least one sheet, so that it is sufficient to detect the pres- 
ence or absence of ink before a new sheet of recording 
medium is fed to the platen. In addition, by locating the 
detector 1 0 in the area over which the recording medium 
passes, it is possible to obtain information as to the lo- 
cation of the front and back edges of the recording me- 
dium as well as the nature of the medium, namely, 
whether it is plain paper, a film for an overhead projector, 
etc. 

As can be appreciated from the foregoing, the pro- 
vision of two ink jet recording heads 4A and 4B at both 
ends of the carriage 1 in the direction of its scan, the 
scanning distance over which the carriage must move 
during a recording period can be shortened and the re- 
cording speed can be nearly doubled. For the same rea- 
son, the life span of the recording heads 4A and 4B also 
can be doubled. Moreover, since the common ink tank 
5 is loaded in the central part of the carriage 1 in this 
embodiment, the ink carrying capacity in the available 



carriage scanning space can be raised markedly. More- 
over, by virtue of the fact that the carriage can be directly 
driven, it is possible to improve the carriage feeding ac- 
curacy and to simplify the overall structure of the record- 
ing apparatus. In addition, by locating the various re- 
cording head maintenance apparatus in the common 
scanning area over which the two recording heads 4A 
and 4B pass, it is possible with a simple structure to 
achieve efficiency in the overall operation of the device. 

Although the present invention has been described 
using an ink jet recording system with a color agent car- 
ried on a carriage is transferred to a recording medium, 
the invention is also applicable to other recording devic- 
es in which a color agent carried on a carriage is trans- 
ferred to recording medium. Such other recording de- 
vices include, for example, devices which use a heat 
transfer system, a heat sublimation system, an impact 
wire dotted system, to transfer the ink from the carriage 
to the recording medium. 

The above described embodiments provide two re- 
cording heads 4A and 4B at opposite ends of a carriage 
to achieve balance and are considered to be the most 
advantageous. Nevertheless, other structures in which 
additional recording heads are provided on the carriage, 
may be employed, although this may cause some in- 
crease in the complexity of the device. In one example, 
three recording heads 4A, 4B and 4C may be provided 
at equal intervals on the carriage, which is directly driv- 
en. When three recording heads 4A, 4B and 4C record 
over the full recording width PW (206mm) of the record- 
ing medium there occur two overlapped recording 
widths WW (5mm). In this case, each of the recording 
heads 4A, 4B and 4C should be provided at head inter- 
vals HW of 67 mm on the carriage 1 . In other words, the 
head interval should meet the following relationship: 

HW = (PW - WW)/3. 

In this case, the carriage scanning distance for re- 
cording is 72 mm; and if the acceleration and decelera- 
tion width (UD) is made to be 10 mm on the right and 
left sides, the overall carriage scanning width SW be- 
comes 92 mm. In this case, it may be difficult to carry 
out preliminary ink discharge when the recording medi- 
um is located in a recording position. However, because 
of the increased recording speed due to the increased 
number of recording heads, and because of the above 
described improvements in recording head mainte- 
nance, it is sufficient to carry out preliminary ink dis- 
charge either before or after a recording period when 
there is no recording medium in the recording area. In 
this case the following relationship should be met: 

SW = {(PW + 2WW)/3) + 2UD. 

In the above described device, using three record- 
ing heads with a direct carriage drive and a rail posi- 
tioned in the center of the carriage scanning area, the 
rail length RL should be not less than the length of the 
added room AL ( e.g. 2 mm) at right and left sides of the 
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carriage scanning distance SW. Moreover, since the re- 
cording heads 4A, 4B and 4C are provided at a head 
interval HW of 67 mm on the carriage 1, the length of 
the carriage in the direction of scan CW is longer than 
the rail length RL. namely 96 mm. Because of this it is s 
possible to obtain a greater area in which to locate the 
direct drive for the carriage and the linear encoder. In 
this case, since the carriage scanning distance CSAW 
is the sum of both the carriage length in the direction of 
scan and the carriage scanning distance, the scanning 10 
distance would have a minimum value of 226 mm. Then, 
it meets relation of: 

CSAW = PW + 2UD. 

Accordingly it is only necessary that the space is 
which added to the actual recording width (206 mm) as 
the acceleration and deceleration width UD, be 10mm 
at right and left edges. As above mentioned, considering 
the width of the ink tank 5, this makes it possible to pro- 
vide a structure which uses a markedly small scanning so 
space. In addition, in this embodiment it is possible to 
use the entire length of the carriage 1 for the ink tank 5, 
and thereby greatly increase its ink capacity, along with 
an increase in recording speed which is more than dou- 
ble, since the scanning distance during the recording 25 
period is shortened. 

The structure and operation of serial scan type ink 
jet recording devices, including so-called on-demand 
and continuous type recording devices, with which the 
present invention may be used are disclosed in U.S. 30 
Patent Nos. 4,723,129 and 4,740,796. However, the in- 
vention is particularly suitable for the on-demand type 
devices. In those devices at least one driving signal is 
applied to an electrothermal transducer which acts on a 
liquid ink retaining sheet or liquid passage. The driving 35 
signal is sufficient to produce a sudden temperature rise 
above the nucleation boiling point of the liquid ink. The 
thermal energy which produces this temperature rise is 
provided by an electrothermal transducer. This energy 
causes film boiling on the heating portion of the record- 40 
ing head, whereby a gas bubble is formed in the liquid 
ink in response to each of the driving signals. By the 
production, development and contraction of the gas 
bubble, a droplet of the liquid ink is ejected through an 
ejection outlet or nozzle in the recording head. The driv- 45 
ing signal is preferably in the form of an electrical pulse. 
This permits near instantaneous expansion and con- 
traction of the gas bubble so that the liquid ink can be 
ejected with a quick response. The driving signal in the 
form of the pulse is preferably such as disclosed in U. so 
S. Patents Nos. 4,463,359 and 4,345,262. In addition, 
the temperature increasing rate of the heating surface 
is preferably such as disclosed in U.S. Patent No. 
4,313,124. 

The structure of the recording head may be as ss 
shown in U.S. Patent Nos. 4,558,333 and 4,459,600. 
Those patents show the heating portion of the device 
disposed at a bent portion of the liquid passage. They 



also show the structure of the ejection nozzle, the liquid 
passage and the electrothermal transducer used in ink 
jet recording. 

The present invention is also applicable to the struc- 
tures disclosed in Japanese Laid-Open Patent Applica- 
tion No. 123670/1984, wherein a common slit is used 
as the ejection outlet for plural electrothermal transduc- 
ers, and in Japanese Laid-Open Patent Application No. 
138461/1984, wherein an opening for absorbing pres- 
sure waves of the thermal energy is formed correspond- 
ing to the ejecting portion. This is because the present 
invention records with certainty and at high efficiency 
regardless of the type of recording head. 

In addition, the present invention is applicable to se- 
rial type recording head devices, where the recording 
head is fixed on the main assembly. It is also applicable 
to replaceable chip type recording head devices where 
the head is connected electrically with the main appa- 
ratus and can be supplied with the ink when it is mounted 
in the main assembly. The invention is also applicable 
to cartridge type recording heads which have integral 
ink containers. 

The ink recovery arrangements and/or the auxiliary 
means for the preliminary operation as described herein 
provide special advantages in that they further stabilize 
the recording operation. Examples of such means in- 
clude a capping means for the recording head, cleaning 
means therefore, pressing or sucking means, prelimi- 
nary heating means, which may be an electrothermal 
transducer, an additional heating element or a combina- 
tion thereof. Also, the provision of a preliminary ejection 
means, in addition to the ejection means used for the 
recording operation, produces additional stabilization 
for the recording operation. 

As regards the recording head, it may be a single 
head corresponding to a single color ink, or may be an 
assembly of several heads corresponding to the several 
colors or densities of ink used in recording. The present 
invention is also effectively applied to recording devices 
which have at least one of: a) a monochromatic mode, 
for example black; b) a multi-color mode with different 
color ink materials; and/or c) a full-color mode using a 
mixture of the colors. Such recording devices may in- 
corporate an integrally formed recording unit or they 
may use a combination of plural recording heads. 

Although liquid ink is used in the foregoing embod- 
iments, ink material may be used which is solid below 
room temperature but liquid at room temperature. Since 
the ink is kept within a temperature between 30 and 70 
degrees Fahrenheit so that its viscosity will be stable 
during ejection, the ink may be such that it liquifies at 
the temperature which the recording signal produces. 
At least one of these solid ink acts to restrict the rise in 
temperature by the absorption of thermal energy in un- 
dergoing a change in state from solid to liquid. Other ink 
materials prevent the evaporation of the ink when they 
are in their solid state. In both cases the ink is liquefied 
in response to the thermal energy produced by the re- 



12 



EP 0 724 965 A2 24 



cording signal so that the ink may be ejected in liquid 
form. Some of these ink materials may begin to resolidify 
as they reach the recording material. 

The present invention is also applicable to use with 
ink materials that are retained as a liquid or solid mate- 
rial in through holes or recesses formed in a porous 
sheet as disclosed in Japanese Laid-Open Patent Ap- 
plication No. 56847/1 979 and Japanese Laid-Open Pat- 
ent Application No. 71260/1985. As disclosed therein, 
the sheet is positioned to face the electrothermal trans- 
ducers. The most effective of these techniques employs 
a film boiling system. 

The ink jet recording apparatus of this invention 
may be used as an output terminal of an information 
processing apparatus such as computer or the like, as 
a copying apparatus combined with an image reader or 
the like, or as a facsimile machine having information 
sending and receiving functions. 

While the invention has been described with refer- 
ence to the structures disclosed herein, it is not confined 
to the details set forth and this application is intended to 
cover such modifications or changes as may come with- 
in the purposes of the improvements or the scope of the 
following claims. 



Claims 

f 1. .Xrecording apparatus for use with plural recording 
heads, said recording apparatus comprising: 

a moveable scanning element which faces to- 
ward a recording medium, said moveable scan- 
ning element being constructed to support plu- 
ral recording heads spaced apart in a predeter- 
mined interval to record, respectively, on corre- 
sponding divided recording areas of an entire 
recording area, along a scanning direction of 
the moveable scanning element; 

a rail element arranged on said moveable scan- 
ning element along its scanning direction, the 
length of said rail element corresponding to a 
scanning distance needed for recording over 
said entire recording area; 

a drive element for driving said moveable scan- 
ning element via said rail element to cause said 
moveable scanning element to scan; and 

a connection portion provided in the region of 
the central part of a scanning area of said 
moveable scanning element to couple said 
drive element and said rail element. 

2. An apparatus according to claim 1 , further including 
plural recording heads on said moveable scanning 
element and spaced apart in said predetermined in- 



terval in the direction of scan. 

3. An apparatus according to claim 2, wherein said re- 
cording heads are removeably mounted on said 

5 moveable scanning element. 

4. An apparatus according to claim 1 , further compris- 
ing a marker arranged on said moveable scanning 
element along its scanning direction, said marker 

10 indicating the position of said moveable scanning 
element; and 

positional information detecting means provided in 
the region of the central part of said scanning area 
of said moveable scanning element for detecting 
*s the position of said moveable scanning element. 

5. An apparatus according to claim 1 , further compris- 
ing recording head servicing apparatus for servicing 
said plural recording heads, said servicing appara- 

20 tus being located at predetermined locations along 
a path of movement of said recording heads. 

6. An apparatus according to claim 5, wherein said 
drive element causes said moveable scanning ele- 

25 ment to scan over a given scanning distance which 
is longer than said predetermined interval between 
said recording heads so as to cause the scanning 
areas of said plural recording heads to overlap each 
other; and wherein 

30 said servicing apparatus is provided within an over- 
lapped scanning area of said plural recording heads 
so that said servicing apparatus can operate on 
each of said plural recording heads in common 
when such recording head comes into position in 

35 the overlapped area. 

7. An apparatus according to claim 5, wherein said rail 
element has a length corresponding to a scanning 
distance needed for both recording and servicing 

40 said plural recording heads. 

8. An apparatus according to claim 7, wherein said 
scanning distance of said moveable scanning ele- 
ment is longer than said predetermined interval be- 

45 tween said plural recording heads provided on said 
moveable scanning element so as to cause the 
scanning areas of said plural recording heads to 
overlap each other; and wherein 
said servicing apparatus is provided within an over- 
do lapped scanning area of said plural recording heads 
so that said servicing apparatus can operate said 
plural recording heads in common when each such 
recording head comes into position in the over- 
lapped area. 

55 

9. An apparatus according to claim 5, and further in- 
cluding plural recording heads on said moveable 
scanning element and spaced apart in said prede- 
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termined interval in the direction of scan, said re- 
cording heads each comprising an ink jet recording 
head which discharges liquid recording ink on the 
recording medium to record; and said servicing ap- 
paratus being constructed and arranged to maintain s 
a discharge condition of said recording head. 

1 0. An apparatus according to claim 2, wherein each of 
said recording heads is a color agent transfer type 
recording head which records by transferring a 10 
color agent onto a recording medium based on im- 
age data according to scanning by said moveable 
scanning element; and 

further comprising an agent holding element on said 
moveable scanning element between said plural re- is 
cording heads, for supplying such agent to said plu- 
ral recording heads in common. 




servicing apparatus for servicing plural record- 
ing heads supported by said moveable scan- 
ning element, 

wherein said scanning distance of said move- 
able scanning element is longer than said pre- 
determined interval between said plural record- 
ing heads so as to cause the scanning areas of 
said plural recording heads to overlap each oth- 
er; and wherein 

said servicing apparatus is provided within an 
overlapped scanning area of said plural record- 
ing heads so that said servicing apparatus can 
operate on each of said plural recording heads 
in common when such recording head comes 
into position in the overlapped area. 




11. An apparatus according to claim 10, wherein said 
recording heads each contain an ink jet recording 
head which records by discharging liquid record ink 
as a color agent; and wherein 

said agent holding element holds liquid recording 
ink and supplies said liquid recording ink to said plu- 
ral ink jet recording heads in common. 

12. An apparatus according to claim 11, wherein said 
ink jet recording head discharges ink by using ther- 
mal energy. 

1 3. An apparatus according to claim 2, wherein said re- 
cording heads record different colors from each oth- 



recording apparatus for recording an image using 
a plural recording heads, said recording apparatus 
comprising: 

a moveable scanning element which faces to- 
ward a recording medium, said moveable scan- 
ning element being constructed to support plu- 
ral recording heads spaced apart in a predeter- 
mined interval to record, respectively, on corre- 
sponding divided recording areas of an entire 
recording area, along a scanning direction of 
the moveable scanning element; 

a rail element arranged on said moveable scan- 
ning element along its scanning direction, the 
length of said rail element corresponding to a 
scanning distance needed for recording over 
said entire recording area; 

a drive element; 

a connection portion arranged to couple said 
drive element with said rail element to cause 
said moveable scanning element to scan; and 



15. An apparatus according to claim 14, further includ- 
20 ing plural spaced apart recording heads, each of 

which includes an ink jet recording head which dis- 
charges liquid recording ink on the recording medi- 
um to record; and wherein 
said servicing apparatus is constructed and ar- 
2S ranged to maintain a discharge condition of said re- 
cording heads. 

16. An apparatus according to claim 14 or 15, wherein 
said servicing apparatus includes a pump which is 

30 constructed and arranged to aspirate ink from said 
recording heads. 

17. An apparatus according to claim 14, 15 or 16, 
wherein said servicing apparatus includes a blade 

35 which is arranged to wipe ink discharge surfaces of 
said recording heads. 

18. An apparatus according to claim 14, 15, 16 or 17, 
further including plural spaced apart ink jet record- 

40 jng heads which discharge ink by using thermal en- 
ergy. 

19. An apparatus according to claim 14, 15, 16 or 17, 
further including plural spaced apart ink jet record- 

45 jng heads which record different colors from each 
iher. 




20.>A recording apparatus for recording an image by 
means of plural recording heads, said recording ap- 
so paratus comprising: 

a moveable scanning element which faces to- 
ward a recording medium, said moveable scan- 
ning element being constructed to support plu- 
55 ral recording heads spaced apart in a predeter- 

mined interval to record, respectively, on corre- 
sponding divided recording areas of an entire 
recording area, along a scanning direction of 



14 



the moveable scanning element and to transfer 
a color agent on a recording medium located in 
said area; 
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a rail element arranged on said moveable scan- 
ning element along its scanning direction, the 
length of said rail element corresponding to a 
scanning distance needed for recording over 
said entire recording area; 

a drive element for driving said moveable scan- 
ning element via said rail element to cause said 
moveable scanning element to scan; 

a connection portion arranged to couple said 
drive element and said rail element; and 

a color agent holding element provided on said 
moveable scanning element between said plu- 
ral recording heads supplying said color agent 
to said plural recording heads in common. 
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image recording apparatus comprising: 

a carriage mounted on a support for back and 
forth scanning movement in a given direction 
therelong; 

said carriage having plural recording heads 
spaced apart from each other by a given dis- 
tance in said given direction for recording on 
different areas of a recording medium during 
said scanning movement; 

a rail fixed to and extending along the carriage 
in the direction of scanning movement, said rail 
being constructed to receive scan producing 
forces to produce said scanning movement of 
said carriage; and 

a driver for supplying said scan producing forc- 
es to said rail at a location within the range of 
scanning movement of said carriage. 



21. An apparatus according to claim 20, further includ- 
ing recording heads on said scanning element, said 
recording heads each comprising an ink jet record- 
ing head which records by discharging liquid record 
ink as a color agent, and wherein 

said color agent holding element holds liquid record 
ink and supplies said liquid record ink to said plural 
ink jet recording heads in common. 

22. An apparatus according to claim 20, further includ- 
ing recording heads on said scanning element, and 
wherein said recording heads each discharges ink 
by using thermal energy. 

23. An apparatus according to claim 20, further includ- 
ing recording heads on said scanning element, and 
wherein said recording heads record different 
colors from each other. 

24. An apparatus according to any one of the preceding 
claims, wherein said recording apparatus is con- 
structed to be used in a terminal for a computer. 

25. An apparatus according to any one of claims 1 to 
23, wherein said recording apparatus is constructe 
to be used in a copying machine. 



29. An image recording apparatus according to claim 
28, wherein said location is between the ends of 

25 said support. 

30. An image rcording apparatus according to claim 28, 
wherein said location is between the outermost 
edges of said different areas. 

30 

31. An image recording apparatus according to claim 
28, wherein said location is midway between the 
outermost edges of adjacent ones of said different 
areas. 

35 

32. A recording apparatus or method wherein a car- 
riage movable in a scanning direction across a re- 
cording medium is arranged to carry at least two re- 
cording heads spaced-apart in the scanning direc- 

40 tion for recording on respective portions of the re- 
cording area of the recording medium. 

33. A recording apparatus or method according to claim 
32, wherein the at least two recording heads are ar- 

45 ranged to share a common supply of recording ma- 
terial, for example ink. 



26. An apparatus according to any one of claims 1 to so 
23, wherein said recording apparatus is constructed 
to be used in a facsimile machine. 



27. An apparatus according to any one of claims 1 to 
23, furthercomprisingtransportapparatusfortrans- 55 
porting a recording medium onto which the image 
formed by the recording head is recorded. 



15 



EP 0 724 965 A2 




16 



EP 0 724 965 A2 



CM 

2 
LL. 




EP 0 724 965 A2 




18 



EP 0 724 965 A2 




EP 0 724 965 A2 



Op 



m 

g 




=3 
o 



o 

i< 

o 



UJ 

UL 

li- 
ra 

CQ 



a. 



3 



20 



EP 0 724 965 A2 




21 




22 



EP 0 724 965 A2 




23 




24 



EP 0 724 965 A2 




25 



EP 0 724 965 A2 




26 




27 



EP 0 724 965 A2 




28 



EP 0 724 965 A2 



03 



m 



o 

CM 



CM 



M- 00 CM 




5 

X 

o 

Z 

Q 

CC 

o 
o 

Ul 

oc 
u. 

o 
< 

UJ 

cc 
< 
o 

5 
cc 
O 
o 
ui 
cc 



CD 



O 



\ 7 



< 
a 
< 

UJ 
X 

o 
z 
o 
oc 
o 
o 

UJ 

cc 

Ul 

o 
< 

UJ 

CC 

< 

o 

Z 
Q 
CC 
O 
O 
UJ 
CC 



Q 

° i 

Q 

CC 
O 

o 

Ul 

cc 



3 

UL 



< 

Q 
< 
UJ y 
X 

o 
z 

Q 
CC 
O 
O 
UJ 
CC 
Ul 

o 

X 

o 

5 
cc 
o 
o 

Ul 
CC 



CD 
Q 
< 
UJ 
X 

o 
z 
o 
cc 
o 
o 

UJ 

cc 



X 

o 

o 
z 

Q 

cc 
o 
o 

UJ 

cc 



UJ 

o 
z 

eg 
o 
o 



< 
o 

CO 
UJ 

a 
< 
cc 
cc 
< 
o 



29 



EP 0 724 965 A2 



m 
(3 

U- 




n 



CD 



( ) 



K / 



o 

5 
cc 
O 
o 
tu 
cc 
11. 
o 

< 

Ui 

cc 
< 

CD 

z 

Q 

CC 

o 
o 
tu 

DC 



o - 
5 
o 

5 
cc 
o 
o 

UJ 

cc. 



o 



3 
u. 



|2 

§8 

cc 



< 
o 
< 

UI 

o 
z 

o 
cc 
o 
o 

Ui 

CC 



a 

C5 

z 

Q 

cr 
o 
o 
at 

cc 



OQ 
Q 
< 
Ui 
X 

o 
z 

o 

cc 
o 
o 

UJ 

cc 



X 

I- 

Q 



o 
z 

Q 

CC 

o 
o 

Ui 
DC 



Ui 
O 

z 
</> 

Q 
O 

z 



< 
o 
</> 

UJ 

o 
< 
cr 

CC 

< 
o 



30 



